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MARKER FOR STEM CELLS AND ITS USE 

TECHNICAL FIELD 

This invention relates to a marker for isolation and identification of 
5 mammalian mesenchymal stem ceUs. Also included are methods and uses of such a 
marker as weU as an enriched cellular population and a ceHular composition 
compnsmg the enriched cellular composition. 

BACKGROUND OF THE INVENTION 

10 Mesenchymal stem cells 

The adult body houses so caUed stem cells tliat are capable of dividing many 
tmies while also giviogriseto dau^ter cells wiUi specific phenotypical 
d^actenstics. Several types of stem cells exist m the body including embryonic 
15 ^^"^'"^^^^^^^--"^^d-^esenchymalstc^ MesenchynLl 
15 ^em ceUs are able to form mesenchymal tissues such as bone. cartUage. muscT 
bone, hgament, fet and bone mairow stroma. Figure 1 shows a schedule of 

hSSI^'^T^TT'^"'" ^"'^^^^ mesenchymal stem cells (MSG) to 
hi^y differentiated phenotypes. The mesenchymal stem cells are located in bone 
marrow, arouad blood vessels, infat. skin, muscle, bone and other tissues. IHeir 

20 Presencecontnbutestolhereparativecapa^ofthesetissues. 
Medical use o/MSC 

Currently, the medical use of MSC is to explore then: potential in the 

2S ;f ^ the body camiot naturally repair or regenerate when 

^oin H ^^'^^^^ ^^^^ ^ bone, cartilage, muscle, bone marrow 
s^oma, tendon, fat and others. These tissue-engineered constructs can then be re- 
mtroducedmto the humanbodytorq,air lost or damaged tis^^^ J^ere 

30 ZZtT^'^'"''^'''^'''^^^^^^ 

■ . ^^"''T'^'*'^^*^^^«l'°*«»ti^'T'"a<iingWocks"fb^ 

::d:sr^^:k™""^"°^^^^" 

3S AlphalO 

An^lydiscovcredcoUagen-bindingintesrin.alphalObetal.i^^^^^ 
mtegnn subunit alphalO (Camper (i998) J. Biol. Lm. 273^03 83-203 89). 
The integnn is expressed on chondrocytes and shows a M. of 1 60 kDa after 
reduction when isolated from bovine chondrocytes by collagen type H affinity 



purification. 

Cloning and cDNA sequencing showed that it shares the general stnicture of 
other integrin alpha suhnnits. The predicted amino acid sequence consists of a 1 167- 
amino acid mature protein, including a signal peptide (22 amino acids), a long 
5 extcacellular domain (1098 amino acids) a transmembrane domain (22 amino acids) 
and a short cytoplasmic domain (22 amino acids). In contrast to most alpha-integrin' 
subunits, the cytoplasmic domain of alphalO does not contain the conserved 
sequence KXGFF(R/K)R. Instead, the predicted amino acid sequence in alphalO is 
KLGFFAH. It is suggested that the GFFKR motif in alpha-chains are important for 

10 association of integrin subunits and for transport of the integrin to thci>lasma 
membrane (De Melker et al (1997) Biochem. J. 328:529-537). 

^ The extraceUular part contains a 7.fold repeated sequence, an I-domain (i99 
ammo acids) and three putative divalent cation-a binding site. The deduced amino 
ac,d sequence of alphalO is 35% identical to the integrin subunit ateha2 and 37-/0 

15 Identical to the integrin subunit alphal. Sequence analysis has revealed that the 
^P^IO subunit is most closely related to the I domain-contaming a subunits with 
*e highest identity to alphal (37%), alpha2 (35%) and alphal I (42%). 

Alphall 

20 Thealphall integrin has recently been identified on cultured human foetal 

muscle cells. The cloning and characterisation revealed an I-domain containing, 
betal-associaied protein. 

-nie open reading firame of the cDNA encodes a precursor of n 88 amino 

9. "a?"" ^ ""^^^ ^'"^ °^ ^ ^« ^=ids contains 7 conserved 
25 FGGAP repeats, an I-domain with aMiDAS motif, a short transmembrane region 
and a umque cytoplasmic domam of 24 amino acids containing the sequence 

Alphal 1 contains three potential divalent cation binding sites in repeats 5-7. 

30 ^T^^^^^!^'""^ ^"^^ extraceUular stalk portion (amino 
30 acids 804-826) distinguishes the alphal 1 integrin sequence fuxih« fiom other 
mtegnn alpha-chains. 

Amino acid sequence comparisons reveal the highest identity (42%) with the 
alphalO mtegnn chain. Immunoprecipitation with antibodies to the alphal 1 integrin 
captured a 145 WDa protein, di^^ctly larger than the 140 fcDa alpha2 integrin chain 
35 when analysed by SDS-PAGE under non-reducing conditions. 

Isolation and identification o/MSC 

The identification of MSG is hampered by the fact that mono-specific 
and umque molecular probes do not e.KisL It is therefore necessary to fiirther 
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characterize mesenchymal stem cells to identify probes or combinations of probes 
that can unequivocaUy identi^- mesenchymal stem cells in tissue. Such markers wiU 
also beusefiil for the isolation of meseobhymal stem cells from tissues. 

Approximately one ceU out of 100.000 nucleated cells in bone marrow 
Mpirates is expected to be a mesenchymal stem cell Currently, the main method for 
the isolation of mesenchymal stem cells from bone marrow is based on their 
capacity to adhere to plastic culture dishes and form colonies while the majority of 
bone marrow cells do not adhere and form colonies. These colonies are then fiirther 
expanded and then induced with defined factors to differentiate into specific 
inesenchymal tissues. It is not clear, however, whether the mesenchymal stem cells 
^olated way are a homogenous population. It wiU therefore be important to 
find markers that can be used to identify subclasses of mesenchymal stem cells with 
specific djjGferentiation potentials. 

In US 6 20O 606. the isolation of cartilage or bone precursor cells from 
hematopoetic and non-hematopoetic cells by the use of CD34 as a marker and ttie 

^w'.'^if T ^'^ '^^"^^ regeneration processes is 

descnbed. SUU, no specific marker for mesenchymal stem cells is identified nor 

TolZL '''''^r'", ^^^^ - -«ly l>«phohematopoietic stem and 
progemtor cells, small-vessel endothelial ceUs. embryonic fibroblasls. and some 
ceUs m fetal and adult nervous tissue, hematopoietic progenitors derived from fetal 
yolk sac. embryonic Uver. and extra-hepatic embiyonic tissues including aorta- 
associated hematopoietic progenitors in the 5 week human embryo 

Pmenger at al. ((1999) Science 284:143.147) have used a density " 
centafiigation of human bone marrow to isolate human MSG. Cellular markers used 
toid^Ufy the MSC are SH-2. SH-3, CD29. CD44. CD7L CD90, CD 106 CdLZ 

Maj'mldaretal.,((2000)J.Cell.PhysioU85:98.106)ha^■eusedCDl05asa 
marker for ennchment of human MSC from bone marrow 

30 called "'"'^u^ """"^ ^"'^^ ""'^ ^^ve used a marker 

jO caUed Stro-I to enrichhumanMSC from bone marrow. 

AU markers mentioned so far may be used for enrichment of hMSC. StiU 

they are not exclusive for MSC. and it is unclear how homogenous the isolated MSC 

populanons are when enriched using these markers. Monospecific and unique 

probes for the identification of liMSC do not exist as of today. 

Furthermore, markers are needed to monitor the differentiation of 

mesenchymal stem cells into specific types of mesenchymal cells. THis will be 

especiaUy miportant when these cells are re-inhoduced into the human body to 

replace loss of damaged mesenchymal tissue, such as bone or cartilage. 
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Finally, tiie identification of specific cell stufepematkers for mesenchymal 

sottmgtechmques such as fluorescence activated cell sortin* (FACS) 

ri*^*^"'.^^^ '^''''^"^ aforemerioned problems to 

tendonorc^ectivetissue«pairinvivoorinvitro.Inthis«spect.&^ 
invention addresses this needs and interest ^«ie present 

SUMMARY OP TBjE INVENTION 

In^^ of the foregoing disadvantages Wvn in the art when tryingto 

isolates^dxdentifymammalianMSQthepresentinventionprovidesSt^^^^ 
n^mmahanMSC suitable for identift^gandisol^^ 

One obj ect with the present invention is to provide methods for identifvux^ 
or .ola^ng ^anunalian MSa ox- an enriched ceU^ 

identi^;o;LXir^ 

stem c^^'i^^ ^'T' ^^^^^"^ ' mammalian mesenchymal 

a) providing a sample comprising a mesenchymal stem ceU, 

ceUsurlt?/''""''^'T" ""^^"'^ -d^o^alphall chain, egression on the 
cell surface of a mesenchymal stem cell or intracellular in alesenchymal stem 

above. mesenchymal stemcell according to the scoring m c) 

bv include wherem the expression in b) above is detected 

detec*.!riT^ cmbodm^ts include v^herem the expression inV) above is 
^e^^ydetecUngU^eintegrinalphalOand/orintegrinV 
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Even further, the pteseot m'»^entioa provides a method for detenninin*' 
whether a test compound modulates a mammalian mesenchymal stem ceU ' 
differeoliaiion. 

5 Such a method con4)rises1iiestepsjof 

a) providing a mesenchymal stem cell 

b) contacting the mesenchymal stem ceU with a test compound, and 

c) detecting a change.m rate or pattern of dififerentiatioa of the' 

, f. mesenchymal stem ceU as.an indication of that the test compound 

"'o'^^l^.tes mesencliymal stem cell differentiation. 
• the present invention provides a method for producing an 

isolated population ofmammalian;cells enriched for mesenchymal stem cells 
relattve a reference population. Sudi a method comprises the steps of 

*')P^°vidingaatleastaportionof apopulation of cells, oraportionof 
a reference population, comprismg MSG and at least one cell other than 
the mesenchymal stem cells, 

b) introducing into th^ population of cells in a) above a compound 
identifymg the mesenchymal stem cells. 

c) selecting and isolating from the population of ceUs in b) above the 
mesenchymal stem cells, thcifeby producing a population of cells 
ennched for mesenchymal stem cells 

^Tte m=aod according to Ai= tave„«o„ may ta ftrth« cmbodtaem, inctodc 
the m««.chyn^ ^ .^Hs U itotifled as a n,«o,cl.,mal stem cell by 

25 ^T^r'"" "V^" "'^"^ r^"^ ■ ^ain expression on JceU 
'^f*'-<'"«--*y^.«m.db.ccording,oa.er»eth04*^^^ 

present invention. , ! 

stem ce^r f "^""^^ ceUular population of mesenchymal 

Stem ceik compnsmg at least one intaot, Viable mesenchj^al stem cell is disclosed. 

a) expressinganinteferinalphalOchainand/orintegrinalphall chain 
on the cell surfecc? of or iAtmeelhilar m said mesenchymal stem cell 

b) bemg substantially free fi^om expression of molecules specific for 
committed lymphohematopoietic cells or uncommitted stem cells. 

Also, an isolated mammaUi, mesenchymal stem cell expressing a marker 

cells emiched for mesenchymal stem celli according lo the invention is disclosed. 
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Still even further, a matnmalian cellular conqjosition comprising the enriched 
cellular population according to the invention, or (he isolated mesenchymal stem 
cell according to the invention is disclosed. 

Uses of a marker according to the invention for identification of a 
5 mammalian mesenchymal stem ceU. for modulating differentiation of amammalian 
mesenchymal stem ceU and for isolating a mammaliaa mesenchymal stem ceU are 
also provided. 

SHORT BESCBIPTION OF DRaWWGS 
10 Fig. 1 shows a schematic view of a suggested stepwise transition from 

put^ve mesenchymal stem ceU (MSG) to highly differentiated phenotypes. (From 
Caplan A.L and Bruder Trends Mol. Med. 2001, 7(6): 259-264), and 

Fig. 2 shows that human mesenchymal stem cells in culture Jxpress both 
mtegrin alphalO aad alphall chains on their cell surfece. Inlhe figure fee upper 
band m both lanes is alpha! 0 Cm the left lane) and alpha 11 (in the right lane) The 
lower band in both lanes represent the betal diain. 

DETAILED DESCRIPTION OF THE INVENTION 

Definitions 

Asusedherein,thetetms'Vodent"and-rodents"refertoaIlmembersofthe 
phylogenetic oxdn Rodentia. 

The term "murine" refers to any and all members of the GmalyMuridae 
mcluding rats and mice. 

.^®^°n"substantiallyfi:eeiTom"ishereinintendedtomeanatabelow 
25 detection limits of the assay used thereby appearing negative, i.e. toe from. 

The tenn "committed" is herein intended to mean dedicated to, or focused on 
Thus, a committed cell is a ceU that is dedicated to, or focused on a specific 
differenuation pathway. From this it wiU follow that an uncommitted cell is not 
dedicated to, or focused on. any specific differentiation path^vay and has several 
30 options. 

Intergin alphalO and integiin alphall as a marker for MSC 

We have surprisingly found that the integrins alphalObetal and alphallbetal 
<ure present on human mesenchimal stem cells. Thus, these integrins can be used to 
35 Identify, differcmiate, and isolate mesenchymal stem cells from a mixed ceU 
populauon and will be a usefiil tool in ceU therapy to repair damaged tissue. 

The human integrin alphalO chain is known and pubMcly available at 
Gei^ank - /BBI Data Bank accession number AF074015. Thus, new uses and 
meihods of the integrin alphalO chain are disclosed in the present invention 
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Thehuraaninteginalphall chain is known and pubKclyavaaable at 
GenBanlc /EBI Data Bank accession number AF137378. Hius, new uses and 
methods of the integrin alphall chain are disclosed m the present invention 

5 stem cells (MSC), comprising an integrin alpha 10 cham and/or integrin alpha 1 1 
Cham ejqpressed on llie cell suifece of mammaUan MSC or intracellular in 
mammalian MSC. 

In a further embodiment, the mtegrin alphalO and/or integrin a^ha 11 chain 
IS ejqjressed as a heierodimer in combination wi& an integrin betal cham 
10 Mammalian MSC is generaUy isolated from bone marrow, peripheral blood, 

cord blood, liver, bone, cartilage, perichondrium, bone, periosteum or fat. The 
Bolahon may be based on &e cells capacity to adhere to plastic culnire dishes and 
fonn colonies under specific cutaire conditions, while the majority of bone marrow 
cells do not adhere and fom colonies. 

J^"" '^'^ expanded and then induced wi* defined fectois 

to differentiate into specific mesenchymal tissues. For chondrocytes, the culture is a 
culture m pelleted micromass or in alginate without serum, and with TGFbetaS 
added as a defined fector. For osteogenic cells, cells may be cultured in the presence 
of dexame&asone. beta-glycerol phophate. ascorbate, and 10% FBS (foetal bovine 
20 serum) and for adipocytes, cells may be cultured in flie presence of l-methyi-B- 
ispbutylxanthme, dexamethasone, msulin, and indomethacin. It is not clear 
however, whether the mesenchymal stem cells isolated and expanded this way are a 
homogenous population. 

25 blood, hver, bone, cartilage, perichondrimn, and periostemn. The MSC n^y then 
further be isolated foUowing a densiiy centrifugation and found as a part of a 
mononuclear ceU fiaction layer at the densiiy interface of 1.073 g/ml (PercoIl'M 
Phaimacia). Out of this mononuclear ceU firaction. 1/10 000 - 1/100 000 cells form 
colomes upon culture in serum in culture dishes. 

30 Thus, the marker according to the invention, comprising an integrin alpha 10 

Cham anchor mtegrin alpha 1 1 chain. wiU be highly valuable for fiidher evaluation 
and ennchment of the MSC population. 

A method foy idemijying MSC 

35 A^^'^o'^g to the invention, a method for identiftdng a mammalian MSC is 

disclosed. The method conqaises the steps of 

a) providing a sample conqjrisingMSC, 

fc) detecting integrin chain alphalO and/or alphall ew^ession on the 
cell ..surface of a MSC or intracellular in MSC. 



c) scoring the intcgrin alphalO and/or alphall chain expression, and 

d) identifying the MSG according to the scoring in c) above. 

The sample comprismg mammalian MSG may be isolated from bone marrow 

5 peripheral blood, cord blood, Uver, bone, cartilage, perichondrium, and periosteum. ' 

As described in the paragraph above, the MSG maybe isolated by plastic adhesion 

of a mixed cell population, followed by fiirfher optional expansion of the cells with 

defined factors to differentiate into different mesenchymal tissues; For 

chondrocytes, the culture may be a culture in peUeted nucromass or In alginate with 

10 or wiTixout serum, and with TGFbetaS added as a defined factor. For osteogenic 

cells, cells may be cultured in the presence of dexamefhasone. beta-glyccrol 

phophate, ascorbate. and 10% FBS (foetal bovine serum), and for adipocytes cells 

may be cultured in the presence of l-methyl-S-ispbutybcanthine, dexamethas^e, 
msuiin, and indomethacin 

15 In further embodiments of the mvention, other markers maybe analysed in 

parallel with the marker according to the invention. Such other markers are SH-Z 

i 1'.^'^' ^^^20a. CD124. CD105. and Stxo-1* 

that MSG may ejqpress. Markers that do not e;^,ress on MSG ai e CDU, GD34 and 
GD45 and Iheir expression may in further embodiments also be evaluated togeiher 
20 with the marker according to the invention. 

embodiment, the expression in b) above is detected by detecting 
the mtegrin alphalO and/or integrin alpha 11 protein e;g,ression. 

In stiU a fiirther embodiment, the integrin chain alphalO and/or alphall 
expression is detected on the ceU surface of a MSG or intracellular in a MSG 

25 ]h still a further embodimail. the expression in b) above is detected by an 

mmiunoassay. The detectionmay beperfonnedby various methods eg any 
unmunomethod known to the skilled man m the art, such as immunoprecipitation. 
We^em blottmg or flow cytometry methods, e.g. fluorescence activated cell sording 

r>n \i ^^"^^^^^ antibodies are particularly useful for identifying markers 

30 surfecemembraneproteinsaswellasintracellularmarkers. associated with 
paruc^ar cell Uncages and/or stages of differentiation. Thus, it is suitable for the 
Identification of integrin alphalO as well as alphal 1. StiU. identification may as weU 
be performed by any specific molecule, such as a protein or peptide, binding 
specificallytotiieintegrinalphalOand/ortheintegrinalphall molecule. Examples 

35 of such protems or peptides are natural Ugands. binding to the integrin alphalO 
and/or tiie mtegrin alphal 1 molecule. Such natural ligands may be made 
recombmant, chemically syntiiesised, or purified from a natural source. 

In still a further embodiment, tiie e;5>rc5sion above is detected by detecting 
the the integrin alphalO and/or integrin alpha 11 mRNA expression. Detection of 



9 

naRNA esqpression of a specific protein is well known to the skilled man in Uie art, 
and is generally dcme by probing the mRNAwilh aDNAorKNAprobe specific for 
the mRNA of interest, under hybridisation conditions where the probe is not 
hybridising to other mRNA molecules. Different polymerase chain reactions (PGR) 
5 may also be used, which is obvious to the skilled man in the art. 

The scoring of the integiin alphalO and/or tiie mtegcin alphal 1 molecule 
expression may be done relative to a reference ceU population exprcssmg the 
integrin alphalO and/or Ae integrm alphall molecule, as well as not expressing the 
mtegrin alphalO and/or the integrin alphal 1 molecule. 

10 The subsequent identification of MSG is based upon the above described 

scoring. 
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A metkodforproducingan Isolated population of cells enriched for mammalian 
MSC 

According fo the invention, a method is disclosed for producing an isolated 
population of cells enriched for mammalian MSC relative a reference population, 
the method comprising the steps of 

a) providing a at least a portion of a population of cells, or at least a 
portion of a reference population, comprismg MSC and at least one 

20 cell other than a MSC. 

b) introducing into the population of cells in a) above a compound 
identi^gtheMSC, 

c) selecting and isolating from the population of cells in b) above tlie 
MSG, thereby producing a population of cells enriched for MSC 

Providing a population is described m the paragraphs above, and may be 
performed in a similar way as in the method for identification of MSC. If the 
population of cells is collected from BM, at about 0.01-0.001% of the stanin* 
population, or -crude population" is MSC. Though, this may vary between Afferent 
donors. 

The compound introduced to idsnixfy the MSC may be a protein, pepide, 
monoclonal antibody, or part thereof; or polyclonal antibody identifying the MSC . 
In one embodiment, the MSC is identified as aMSC by detecting cjqiression of 
mtegnn chain alphal 0 and/or alphal 1 expression on the cell surfiice of said MSC 
according to the method for identifying MSC described above. 

The selection and isolation of MSC is a separation step for separating the 
identified MSC. Various techniques may be employed to separate the celb by 
inMally removing cells dedicated to other lineages than MSC. Monoclonal or 
polyclonal antibodies, or parts thereof, are particularly usefiil for identiJ^g 
markers, here on mtacl viable cells being surface membrane proteins, associated 
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XlT^T f.^"^"^^^^ and/or stages of differentiation. The antibodies may be 

1^ w H v"?"''^ '^^"'^ -i^biliiy of the^on to be 

^edmanmtheartnxeparticulartechnique cmployedwill depend upon 
efficiency of separation, cytotoxicity of the methodology, ease ami speed of 
performance and necessiQr for sophisticated equipment and/or techical skill 
. J T °"^''^*^'^"^^^'"'=»"*^^"^S^« separation, usin.^ 

.^cn mclude fluor«ceuce .cBvated ceU sorters, vjch caa 

sd.«,-^ ^r^"!"'- ""^ «^ "'MSC may be . negative 

Of fte MC., e. ea«r Haeage committed ceUs are deplettd. ori^ed 
ftom the miualpopulatioii of cells. ■■anoyeti, 

MSC to, may be repeated till tto desired purity of the MSC i achie^T^ 

po^oranesuive selection, pro.eins.pep,ides.mo„odo,^or7o.yl^ 

no^be nsed as a compound to identifyfte integrin alpilo or taearin 
^pb. 11 molecule as described above. Tbe compound ma^ oonjug«rd"* 
me^s for separatton. sud. as magneUc beads. x*ich allow for direct seiiaow 

bte to alW for ease of sq>aration of the particular cell twe. Any technic 
«^^^wh.d.isno, unduly deWmentaltotbevlabiH^Tf^ecLof^^L 

usin. e"^ Tfl the selection is perfenned by fluorescent ceU sorting by 

» fl""^^"" artivated ceB sorter (FACS) or any othermeftodoto^ 
hav.ns b.gh specficity. Multi-color analyses may be employed wift the PAcT 

Of Stttmng for thepar^cular auHjens. In a first separation, antibodies for other 

^smayb.usedl.bel«i«i,honelluorochrome.»hned.eantibodr^*e 
d«icatedhneage,...e.fceint.gdn.lphalOand/orin«egrinalphall maybe 

CDl-4. CDIO., and Stro-l that MSC may express. Marlrers a,a. do no, e^ on 
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a^es to suchlineagc specific markers nxay be included. HuorocwITrh 
my&dusemamulti.coloranalysisincludephycobili^^^^^ 
and allophycocyanins, fluorescein. Texas red. etc. 6 . Pnycoexythrm 

. ^^^^""^^ ^ employing dyes associated 

C^n«.ybeselMrfb«edontght.s«lterprop.rtt«aswenastt.«r 
rapression of various ceUsur&ceanli^. 

„'™i'*"'''»"'*««ft'p4icul'arorderof5«paiatio,isnotcrilicU 

w^lTT "T'"*"" » -P^"^ 

MSC «,d«s,4,ve sel«aoo&r,,aAis associated witt lin««. conm>in«i ells 
»doU.«st™«Upopul.«„„n«ieUMSC.IMsscpa.atf» 



enhanced self-regoieraiion capability. 

Isolated mammalian MSC 

According to the invention, an 



— o"- «o a ivjLov^ ana 

The composition is ftrther described below. 



OS Mqp ;« a:. i~Z"c eonched cellular population of mammalian 

a) expressinganintegriJalphalOchainand/oriniegrinalpball chain 
on the cell surface of iaid MSC or intracellular in MSC 

b) beingsubstantiallyfi-e'efiromexpressionofmoJecuIesspectficfor 
coJ^nciitted hematopoietic cells. 

Molecules specific for conunitted henwtopoietic cells are e.g. CD45 

OU^molecules the MSC cells are substantUUy fiee from are e.g. CD34 and 

According to the invention an Llated MSC expressing a marker according 
to the ^e„„^ disclosed. Il.e isolfed MSC are obtainable by the nxethod t 
producmgapopulauon of cells enricl^edforMSC according to Ae invention 
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A celluUtr composition 

According to the invention, a mamnuOian cellular composition is disclosed 
Such a composition comprises the enriched mammalian cellular population 
according to the invention, or the isolated mammalian MSG according to the 
5 invention. 

Compositions having greater than 90%, usually greater than about 95% . such 
as 97, 98, 99.9%, of human MSG cells maybe achieved according to the disclosed 
methods for enridunent of MSG. Such MSG are able to provide for cell 
regeneration and development of members of all of the various lineages of MSG, 
10 such as osteocytes, chondrocytes, e.g. hypertropic chondroQftcs, myocytes, muscle 
cells, myotubes, stromal cells. T/L fibroblasts, adipocytes, tendocytes, dennal and 
other cells. This is generally done in cuimres, supplied vdth specific factors 
described earlier. 

mtimalely, a single cell m^ be obtained from a MSG composition and used 
15 for long term reconstitution of a mammal deficient for MSG and/or mesenchymal 
tissue formation or regeneration. 

The cellular composition according to the invention may be used for 
treatment of genetic diseases. Genetic diseases associated with MSG may be treated 
by genetic modification of autologous or allogeneic MSG to correct the genetic 
20 defect For exan5)le, diseases such as different connecUve tissue diseases, e.g 
osteogenesis hnperfecta, Ehlets Danlos syndrome, Ghondtodysplasia, Alport 
syndrome may be corrected by introduction of a wild-type gene into fte MSG, either 
by homologous or random recombination. With allogeneic MSG, normal cells 
lacking the genetic defect can be used as a therapy. Other embodiments of gene 
25 therapy may be introduction of drug resistance genes to enable normal MSG to have 
an advantage and be subject to selective pressure, e.g. the multiple drug resistance 
gene (MDR). 

Diseases other than those associated with MSG may also be treated, where 
the disease is related to the lack of a particular secreted product such as a homxone, 

30 en^me, interferon, factor, or the like. By employing an appropriate regulatory 
initiation region, inducible production of the deficient protein may be achieved, so 
that production of theprot^ will parallel naniral producUon. even though 
production will be in a different ceU type fi:om the cell type that normally produces 
such protein. It is also possible to msen a ribozyme, antisense or olhear message to 

35 inhibit particular gene products or susceptibility to diseases, particularly connective 
tissue diseases. 
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Modulation qfJidSC 

According to the invention a method for determining whether a test 
compound modulates amammaUanMSC differentiation is discJosed. Such a method 
comprises the steps of 

a) providing a MSG 

b) contacting the MSG with a test compound, and 

c) detecting a change in rate or pattern of differentiation of the MSG as 
an indication that the test compound modulates MSG differentiation. 

The MSG provided may be an enriched cell population achieved according to 
any of the methods disclosed, the isolated MSG according to the invention, or the 
cellular composition according to the invention. 

The test conqwund may be any compound known to affect or suspected to 
affect MSG. e.g. pharmaceutical compositions, drugs, polyclonal or monoclonal 
antibodies, or parts tliereo^ such as antibodies binding to integrin alphalO and/or 
mtegrm alpha! I or any other molecule on the MSG, factors used lo promote growth 
Of MSG, e.g. FBS, FGF, or factors used to promote differentiation of MSG. e b 
dexamlhasone, TGFbeta, insulin. 

Tlie detection of a change in rate or pattern of differentiation of the MSG as 
an mdication that the test compound modulates MSG differentiation may be done 
via flow cytometry or any other suitable method, such as any immunomethod. 
knovm 10 the skiUed man in the art. The change in rate or pattern of dif&entiation 
may be kmetxcal, functional or phenotypical studies of the MSG modulated with the 
test cotapouad, relative for an untreated, or mock treated. MSG population. It may 
also be a comparison relative to least one second test compound. 

In a further embodiment the MSG is identified as aMSG by detectin* 
expnssion of integrin chain alphalO and/or alphal 1 expression on the cell surface 
of said MSG or intraceUular in MSG according to the method of identifying MSG 
disclosed ho-ein. 

30 Use cf a marker 

The mammalian MSG. such as human or mouse, provided herein fmd a 
number of uses. For instance, 1) re-gerenation of a host deficient in MSG; 2) 
treatment of a host by the re-engraflment of MSG for re-genetation of bone, 
cartillage, muscle, marrow, tendon/ligament aiid conneciive tissue in apatient in the 

35 need thereof 3) in detecting and evaluating growth factors relevant to MSG self re- 
generation : 4) in development of MSG lineages and screening for factors associated 
with fliBn: development and diffeientiation. 

Further, the marker according to the invention has several uses. Tte marker 
accordmg to the Invention comprises the integrin alphal 0 and/or alpha 1 1 chain 
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expression. Said marker may thus be used to idenlify, differentiate, and isolate 
mammalian mesenchymal stem ceUs from a mixed cell population and wiU be a 
use&l tool m ceU therapy to repair damaged tissue. 

A- , '\T*??^*°^^^''^''*'°°'"'*°^*^«^^^^^wrdmgto 
disclosed for identification of MSG. 

Further, a use of a marker according to the inventioh is disclosed, for 
modulatmg diflferentiation of a MSG. 

St^l^'^f^er, a use of a marker accordmg to the invention is disclosed, 
for isolatmg a MSG or an enriched population of MSG. 

Mammalian MSC 

In the methods and uses disclosed in the present invention, mammalian MSC, 
mammahan ceUular populations and mammalian ceUular compositions are 
disclosed. 

In specific embodiments, the mammal may be a human. 
Still further embodiments include wherein the mammal is a rodem, such as a 
rat, mouse, or any other member of the famUy Muridae. 

EXAMPLES 

gyample 1 Detection of intemn atnhalO fni.a^-» oip .^ll chain nn h 

Ohjectrve 

.^ffj«=^^^ofti»^s example is to analyse human MSG for the expression of 
25 integtmalphalOandalphall.usmgunmunoprecipitation. 

Materials and methods 

Human mesenchymal stem cells (obtamed from In Vitro. Sweden, at passage 
2), were cultured in MSCBM medium (provided by In Wro, Sweden) until passage 
30 4 and then surface biotinylated. 

In brie^ cells adherent on flie plate were washed once with PBS and then 
sorfece biotinylated using 0.5mg/ml SuIfo-NHS-LC-biotin (Pierce) in 4ml PBS for 
20mm Cells were then washed once whh PBS and lOml 0. IM glycine/PBS were 
added for 5mm. 

'^^**'*'^^SO^<^«"^AJ'BSceUs were lysedmlml lysis buffer (1O/ONP40 
10% glycerol. 20mM Tris/HCl. ISOmM NaCI. ImM MgCl,, ImM CaCl„ protease ' 
inhibitor coctail BM. pH7.5). The cell lysate was collected wid. a plastic scraper 
pipetted into an eppendorf tube and spun down for lOmin at IS.OOOg. 
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^■^ o '"^P"^^'^* ^°"«=t«i froni ^ centrifUgation step above was Incubated 
wtft 2microhter of alphalO pre-immune scrum followed by addition of 20ul Prot G 
sepharose (Amersham) in lOOfil lysis buffer. J^i i lot O 

After rotating the cells in lysis buffer over night at 4«C tlie lysate was 
centnfugedforlminat 8000 qmiand the supematantremoved. For each 
nnmunoprecipitation 150m cell lysate werepipetted into an eppendorf tube and I ul 
Of antiserum was added. The sera used were rabbit-anti-humak al 0 and rabb^-an r. 
human a 1, respectively (both sera against the cytoplasmic domains of the 
integnns). 

P'^""^ ° (Ameniham) inlOOul lysis 

bufferwasaddedandthemixturefurtherrotatedforanotherSOmin 

withly^;!?^"""'^""^'^^^^""^^^^-^^-^ 

20ta SDS-PAGE sample buffer (including lOOmMDTT) was added 10 the 
15 Sepharose beads and then the samples were boiled for Smin. 5^ of each sample 

7 5 ,,?;^^^^;^^^°=^^din2%BaA/rBST(TBST: 20mM Tris/HClpH 
7.5, 150 mM NaCl, 0.05% Tween 20) for Ih, washed once with TBST and then 
20 mcubated With 2 m Extravidin-peroxidase (Signaa) in 8mi blocking bvX 

I. ITL E^avidin-peroxtdase solution was removed and the membrane 
u^hed3x2(hnin in TBST. Surface biotinylatedprot^^^^ 
ECL (Amersham) and visualised on a photographic fihn. 

25 Results and discussion 

In figure 2, the results of the immunoprecipitaion is sho^vn. Human 
mesenchymal stem cells in culture express both integnns alphalO and alphal 1 on 

7 fTw ^PP^"^ ^^'^ ^ ^'^^ '^-^ ^ ^Ph-JO (in the left Inne) 

30 ("^^^ShtlaneXlT^elowerbaadinbothianesrepresentthebeta^^^^ 

Both integrin alphalO and alphal I expression is identified. 
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CLAIMS 
1. 



6. 



Amarker for maxnmahaanieseachjanal stem cells, comprisingaa mtegrm 
a^ha 10 Cham and/or integrin alpha 1 1 chain e^ressed on Ihe ceU suiSl of 
amesenchjonal stem cell or intraceuularinamesenchymallrc^^^^^ 

a) providing a sample comprising a mesenchymal stem cell 

cell surfLetr^^ ^'"^ "^^"^^^ ^^^1 » on the 

ceUsurfaceofamesenchj^stemceUorintmcelhilarinamesen^^ 

above. ^ 'nesenchymal stem cell according to the scoring in c) 

T^e method according to claim 3. wherem the e;q,ression in b) above is 
^t^^bydetectmgtheintegrinalphalOand/or integrin 

T^e method accordmg to clam, 3, ^n the «^ression in b) above is 

m method according to any of claims 3-4, wherein the egression in b) 
above is detected by an immunoassay. ^ 

A method for detennining whether a test compound modulates a mammalian 
mesenchimal stem cell differentiation, the me«.od comprising the^r 
a) providing a mesenchymal stem cell 

c) detectn^achangemrateorpanemofdifferentiationofthe 
m^enchymal stem ceB as an indication of that the rest compound 
modulates a mesenchymal stem cell differentiation. 
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8. The method according to claim 7, wherein liie rate or pattern of 
differentiation is detected by delecting integrin chain alphalO and/or alphall 
exTjression on the cell surface of said mesenchymal stem cell or intracellular 
in a mesenchymal stem cell according to the method in any of claims 3-6. 

9. A method for produdng an isolated population of mammalian cells enriched 
for mesenchymal stem cells relative a reference population, the method 
comprising the steps of 

a) providing at least a portion of apopulation of cells, or a portion of a 
reference population, comprising a mesenchymal stem cell and at least 
one cell other than a mesenchymal stem cells, 

b) introducing into the population of cells in a) above a compound 
identififingthe meseachymal stem cells, 

c) selectmg and isolating fiom the population of cells in b) above the 
mesenchymal stem cells, tiiereby producing a populati<Hi of cells 
enriched for mesenchymal stem cells. 

10. The method according to claim 9, wherein the mesenchymal stem cells is 
identified as a mesenchymal stem ceU by detecting expression of integrin 

20 alphalO and/or alphal 1 cham ejqjression on the ceU surfece of said 

mesenchymal stem cells according to the method in any of claims 3-6. 

1 1. The method according to any of claims 9-10, wherein the selection in c) 
above is performed by fluorescent cell sorting 

25 

12. An enribhed mammalian ceUular population of mesenchymal stem cells, 
comprising at least one intact, viable mesenchymal stem cell, wherein the 
mesenchymal stem cell are characterised by 

a) e?q)ressing an integrin alpha 10 chain and/or integrin alpha 1 1 chain 
- sur£ice of or intracellular in said mesenchymal stem celL 

b) being substantiaUy free from eaqpression of molecules specific for 
committed lymphohematopoietic cells or uncommitted stem cells. 

13. An isolated mammalian mesenchymal stem ceU expressing a marker 

35 according to any of claims 1-2, obtainable by the method for producing a 

population of cells emiched for mesenchymal stem cells according to any of 
claims 9-10. 
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A mammalian cellular composition coEoprising flie enriched cellular 
population according to claim 12, or the isolated mesenchymal stem cell 
according to claim 13. j 



5 15. Use of a marker according^to any of claims 1-2, for identification of a 
mammalian mesend^mal stem cell. 
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16. 



17. 



Use of a marker accordmgilo any of claims 1-2, for modulating 
differentiation of a ntamihalian mesenchymal stem cell. 

Use of a marker according:^) any of claims 1-2, for isolating a rnammalian 
mesendhymal stem cell. 
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ABSTRACT ' 

mtegna alphalO chain and/or an fategrin alphal 1 chain «q>ressed on L cell surface 

^nuialxanMSC and in methods far identification of MSC. Also included are 
isolated cellular populations of nfmnalian MSC and a ceUuIar composition 

iZnr? f""' ''^^^^ ^ ^^J^*"' «°dulation and 

Identification of mammalian MSC are provided. 
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